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ABSTRACT 

The epithelial mucin MUCl is overexpresscd on the cell surface of 
many epithelial malignancies as well as on some B-ceJl rvrriphomas and 
multiple myxomas, Recently, we identified two HLA-A2 -restricted T-ccll 
epitopes derived from the MUCl protein. To further extend the potential 
application ttf these peptides, we analyzed the expression of MUCl on 
blast cells from patients with acute myelogenous leukemia (AML; n = 43) 
and several Other hematological malignancies including acute lymphoblas- 
tic leukemia :(n = 24), chronic lymphocytic leukemia (n = 36), hairy cell 
leukemia (n = 9), follicular lymphoma (#* = 7), and multiple myeloma 
(ft = 12). Using reverse transcription-PCR and MUCl-specific mono- 
clonal antibodies, MUCl expression was found in 61% of AML samples 
und 92% of* myeloma samples. To analyze the presentation of MUCl 
peptides by primary AML blasts, we induced MTJCt -specific CTLs in vitro 
using peptidlr-puised dendritic cells from HLA-A2+ healthy donors as 
an tigeri-p relating cells. These CTLs efficiently lyscd in an antigen- 
specific and ^LA-A2-restrictcd manner not only target cells pulsed with 
the antigenic pep tide but also tumor cell lines including multiple myeloma 
cells and primary AML blasts that constltnttveJy expressed both MUCl 
and HLA-A2. The specificity of the CTLs was confirmed In a cold target 
inhibition a&ay. Our uVu demonstrate that MUCl-derived peptides are 
tumor andgeus in AML and several other hematological malignancies that 
could potentially be used for immunothcrapeotic approaches. 

WTRODUiTnON 

MUCl is i highly glycosylated type T transmembrane glycoprotein 
that is abundantly overexpresscd on the cell surface of many human 
adenocarcinomas like breast and ovarian cancers. Moreover, MUCl 
expression V-as been demonstrated in multiple myeloma and some 
B-ccll Nor>4odgkin lymphomas making MUCl an attractive and 
broadly applicable target for immunotherapeutic strategies (1-9). Sev- 
eral recent jeports (8-12) demonstrated that cytotoxic MHC-unre- 
srricted T c^ils from ovarian, breast, pancreatic, and multiple my- 
eloma tumo-s can recognize epitopes of the MUCl protein core 
locali2ed in :hp tandem repeat 

Recently (4), we identified two HLA-A2-binding peptides de- 
rived from tie MUCl protein. One of the peptides is derived from 
the tandem repeat region of the MUCl protein, referred to as Ml.l. 
The second . peptide (referred to as M1.2) is localized within the 
signal sequoncc of MUCl. Using MUCl -peptide -pulsed DCs* as 
antigen-presenting cells, CTLs were generated that lyscd tumors 
endogenous»y expressing MUCl in an antigen-specific and HLA- 
A2 -restricted fashion. More recently (13), we have shown that 
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MUCl -specific CTLs could also be induced in vivq after vaccina- 
tion of breast and ovarian cancer patients with peptide* pulsed DCs. 

To extend the possible use of MUCl-derived T-cell epitopes in 
immuno therapeutic approaches, we Bcrccncd the expression of MUCl 
on normal hematopoietic cells (14) as well as on various hematolog- 
ical malignancies using monoclonal antibodies specific for the MUCl 
tumor antigen. To prove tbe presentation of T-cell epitopes by the 
malignant cells, we induced MUCl-spccific CTLs in vitro using 
peptide-pulsed DCs as antigen-presenting cells. We show here that the 
CTLs generated from several healthy donors by primary in vitro 
immunization elicited an antigen-specific and HLA-A2-rejtricted cy- 
tolytic activity against target cells endogeoously expressing MUCl 
including primary AML blasts and multiple myeloma cell lines, thus 
extending the number of malignancies expressing the MUCl tumor- 
rejection antigen. 

MATERIALS AND METHODS 

Tumor Cell Lints. Tumor cell lines used in the experiments were grown 
in RPIO medium (RPMI 1640 supplemented with 10% hcat-inactivatcd FCS, 
2 mM L-ghitAmitic, 50 /am 2-mcTcaptoethanol, and antibiotics). Tbe following 
tumors were used in experiments: MCF7 (MUCl +, HLA-A2+; purchased 
from the American Type Culture Collection), . A498 (renal cell carcinoma, 
MUCl +, HLA-A2+), U266 (multiple myeloma, MUCl +, HLA-A2+), 1M9 
(multiple myeloma, MUCl-, HLA-A2+), Croft I^V-lmmortalizcd B-ccll 
line, kindly donated by O.J, Finn (Pittsburgh, PA), MUCl-. HLA-A2+], 
SK-OV-3 (ovarian cell line, MUCl +, HLA-A3; kindly provided by Dr. O. J. 
Finn, University of Pittsburgh School of Medicine), Blasts from patients with 
AML were grown m RP10 medium containing GM-CSF (Lcukomax; Novartis, 
Basel, Switzerland; 100 ng/ml) for 1 days before they were used as target ceils 
m a standard "Cr-labeJed release assay. 

Cell Isolation and Generation of DCs from Adherent PBMNCs. Gen- 
eration of DCs from peripheral blood monocytes was performed as described 
previously (4, 15, 16). In brief, PBMNCs were isolated by Ficoll/Paquc (Life 
Technologies, Inc.) density gradient ccntrifugarion of heparmized blood ob- 
tained from buffy coat preparations of bealtby volunteers from the blood bank 
of the University of Tubingen. Cells were seeded (1 X I0 7 cclls/3 ml/well) into 
6-wcll plates (Co star, Cambridge. MA) in RPIO media (RPMt 1640 supple- 
mented with 10% heat-inactivated FCS, 2 niM L-gtutamine, 50 /am 2-mcrcap- 
tocthanol, and antibiotics). After 2 h of incubation at 37°C, nonadherent cells 
were removed, and the adherent blood monocytes were cultured in RPIO 
medium supplemented with the following cytokines: human recombinant 
GM-CSF (Lcukomax; Novartis; 100 ngfml), IL-4 (Genzymc; 1000 lU/ml), and 
TNF-a (Genzymc; 10 eg/ml). The phenotype of DCs was analyzed by flow 
cytometry after 7 days of culture. Isolation of CD 14+ monocytes, CD15+ 
granulocytes, and CD34+ peripheral blood progenitor cells was performed 
using MACS technology, as recommended by the manufacturer. The purity Of 
the cells was >90%. 

Immunostalnlng. Cell s mining was performed using FITC- or Pfc-conju- 
gated mouse monoclonal antibodies against CD 86, CD40 (PharMmgcn, Ham- 
burg, Gennairy), CD80, HLA-DR, CD54, CD 14 (Bccton Dickinson, Heidel- 
berg, Germany), CD 8 3 (Coultcr-Imrtiunotcch, Hamburg. Germany), and CD la 
(OKT6; Onho Diagnostic Systems). Appropriate mouse IgG isotypes were 
used as controls (Becton Dickinson). The level Of HLA-A2 expression was 
analyzed using a purified monoclonal antibody specific for HLA-A2 (BB7.2; 
data not shown). The MUCl expression was determined using the moooclonal 
antibodies BM-2, BM-7 (Ret 17; kindly provided by Dr. Sepp Kaul, Univer- 
sity of Heidelberg, Heidelberg, Germany), and HMFG-1 (Rcf. 4; IgGl; No- 
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MUCi is EXPRESSED IN HEMATOLOGICAL MALIGNANCIES 



Table 1 Expression q/WC-' on primary malignant cells from patients with 

various hematological malignancies 







Percentage of 








positive sample? 


Mean ± SD (range) 


B-CLL 


n = l6 


19% (7/36) 


3.6(3.6-9.1) 


T*CLL 


#i-2 


100% (2/2) 


48,4 ±38.3(21.3-75.5) 


HCL 


n = 9 


22% (2/9) 


30.6^3.3 (28.1-33.0) 


FL 


n = l 


43% (3/7) 


3.6(3.0-4.7) 


MCL 


n -8 


13% (1/8) 


4.1 




n - 4 


25% (1/4) 


4.6 


Myeloma 


n=\2 


92% (11/12) 


134.4 (53-657 J) 


T-ALL 


n - 6 


0%(0/6) 




Common-AL L 


*i = 24 


33% (8/24) 


17,8*9.9(4,3-3X0) 


AML 


» = 43 


67% (29/43) 


21.3 2 19.7(4.2-78.7) 


AML-M I 


n = 6 


50% (3/6) 


8.7 2 4 J (5.0-13.8) 


AML-M2 


w = 4 


50% (2/4) 


9.8* 1.5(8.7-10.8) 


AML-M4 


/» = 11 


64% (7/11) 


22.7 ± 19J (5 J-56.1) 


AML-MS 


n= 15 


87% (13/15) 


23.7 ± l8,2(4J-72^) 


AML unci wsified 


« = 7 


57% (4/7) 
56% (3/9) 


26.6*34.9(4.8-78.7) 


CML-BCmy 


n = 9 


13.3 ±4.0(7.2-17.9) 


CML-BOy 


n = 2 


0%(Q/2) 





* MFI, median fluorescence intensity. Mfl levels <3 were considered negative, levels 
>3 were coniikred to be positive; HCL, hairy cell leukemia; fL» follicular lymphoma: 
MCL. mantle Tell lymphoma; MZL, marginal cell lymphoma. c-ALL, common ocute 
lymphoblastic eukemia; CML-BCmy, chronic myelogenous leukemia in myeloid blast 
crisis: CML-BOly, chronic myelogenous leukemia in lymphoid blast crisis. 




Fig. 1. Flov- cytometric analysis of MUCi expression on AML blasts obtained from 

Lhree different i alien Li, The MTJC expression was determined using unlabeled antibodies 

BM2 (bold lire), BM7 (fhfn itolld line), and HMFG-1 (dotted line) by staining with 
F ITC-c a nj ugar si goal anUmou.se antibody, filled histograms represent isocype -matched 
controls. 



vocostru Laboratories, Newcastle, United Kingdom), followed by FITC-con- 
jugatcd goal* an ti mouse antibody (Bee ton Dickinson). The samples were 
OnnlyKsd On • i FACScoo Cnlibw (Bccton Dickinson). 

RT-PCR^ RT-PCR was performed with some modificatians as described 
recently (14) Total RNA was isolated from celt ry sales using Qiagen RNcasy 
"Mini" onior -exchange spin columns (Qiagea, Hildcn, Germany) according to 
the instructions of (he manufacturer. For standardization of the various PCR 
cxpcrimeniSv 1.5 /ig, 2.5 jig* or 800 ng of total RNA, depending on the 
different amounts isolated, were Subjected to a 20-^1 cDNA synthesis reaction 
(Superscript' First-Strand Synthesis System for RT-PCR; Life Technologies, 
Inc., Karlsrulic, Germany). Oligodeoxythymidybtc was used as primer. cDNA 
(2 ptl) were »tsed for PCR amplifi cation . To control the integrity of the RNA 
and the efficiency of the cDNA synthesis, I pi of cDNA was amplified by on 
intron-spanmng primer pair for the $2-mteroglotolln gene. The PCR temper- 
ature profiles were as follows: 5-min prctrcatrncnt at 94°C and 22 or 25 cycles 
at 94 D C for 15 a, annealing at 55 Q C for 30 s and 72 D C for 30 S for the 
fZ2-microgtorwlin gene. For the MUC~1 gene, 5-min prctrcatrncnt at 94°C, 35 
cycles at 94*2 for 15 s, and annealing at 60°C for 30 s and 72 B C for 30 a were 
applied. Primer sequences were deduced from published cDNA sequences: 
^2-raicroglonulin, 5 '-GG GTTTCATCCATCCGACAT-3' and 5'-GATGCT- 
GCTTaCaTGTCTCOA-3 and MUCL 5'-CGTCGTOGACATTGATGG- 
TACCO' ard 5'<KrrACCTCCTCTCACCTCCTCCAA-3'. Ton p] of the 
RT-PCR rear dons were clcctrophorcscd through a 3% agarose gel and stained 
with cthidiun bromide for visualization under UV light. 

loducriotr of Antigen-specific CTL Response Ualng HLA-A_2. restricted 
Synthetic Phptldcs. The MUCI -derived peptides Ml. I (amino acids 930- 
958. STAPPVHNV from the tandem repeat domain) and Ml.2 (amino acids 
12-20, LLLJ TVLTV from the leader sequence) were synthesized using stand- 
ard F-moc G.icmistry on a peptide synthesizer (432A; Applied Biosyatcms, 
Wciterstadt, Germany) and analyzed by rcversed-phase high-performance liq- 
uid chromatography and mass spectrometry (4). For CTL induction, 5 X if/ 
DCs were raised with 50 /xg/ml synthetic peptide for 2 h, washed, and 



incubated with 2.5 x 10* autologous PBMNCs in RP10 medium. After 7 days 
of culture, cells were rcsb'rnulatcd with autologous pcptidc-puJscd PBMNCa, 
and 1 ng/ml human recombinant IL-2 (Gcnzyxne) was added on days 1,3, and 
5. The cytolytic activity of induced CTL was analyzed on day 5 after the last 
res dm illation in a standard 5 'Cr- labeled release assay (4, 16). 

CTL ASStry. The standard 5, Cr-labeled release assay was performed as 
described (4, 16). Target cells were pulsed with 50 ftg/rnl peptide for 2 h and 
labeled with p'Crjsodium chromate in RHO for 1 h at 37*C. Ceils (10*) were 
transferred to a well of a round-bottomed 96-wcll plate. Varying numbers of 
CTLs were added to give a final volume of 200 uJ and incubated for 4 b at 
37°G At the end of the assay, supernattnts (50 jd/well) were harvested and 
counted in a 0-plate counter. The percentage of specific lysis was calculated 
as: 100 X (experimental release - spontaneous release/maximal re- 
lease — spontaneous release). Spontaneous and maximal releases were deter- 
mined in the presence of either medium or 1% Triton X-100, respectively. 

Antigen specificity of tumor cell lysis was further determined in a cold 
target inhibition assay (4) by analyzing the capacity of pepudc-pulscd unla- 
beled Croft cells to block lysis of tumor cells at a ratio of 20; 1 (vnhibkonttrgct 
ratio). 

RESULTS 

Expression of MUCI Tumor Antigen on AML Blast*. Tbc ex- 
pression of MUCI on malignant hematopoctic cells was determined 
using the MUCi -specific monoclonal antibody BM-2 (14, 17). As 
demonstrated in Table 1, MUCI expression could be detected in 92% 
of the samples from multiple myeloma patients and in 67% of the 
blast samples from patients with AML. Interestingly, the frequency 
and the level of MUC 1 expression were higher on AML FAB M4 and 
MS blasts as compared with the FAB Ml and M2 subtypes (Table 1). 
An example of MUCI expression on AML blasts from three patients 
is presented in Fig. 1 where three different MUCI -specific antibodies 
were used The protein expression results obtained by flow cytometry 
were further confirmed using RT-PCR and MTJC 1 -Specific primers 
(Fig. 1A), Interestingly, as demonstrated in Fig. 2,3, we could not 
detect any MUCI transcripts in other myeloid cells purified from 
peripheral blood like CD14+ (monocytes) and CD15+ (granulo- 
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Fig- 2. MUCI mKNA expression in purified peripheral blood aad bone marrow cells, 
human tumor cell lines, and primary AML blasts analyzed by RT-PCR; 1 3 m£ (rf>» 2.5 jAg 
U3), and 800 ng (C) of total RNA were subjected to cDNA synthesis as described is 
"Materials and Methods.*' Thirty-five rounds of pCr amplification for MUCl cdna and 
22 {A anil E) and 25 cycles (Q tor £2- microglobulin cDNA were performed. PCR 
products were nm on a 1% agarose gel end visualized by rfndiarn bromide staining. 
MUC I -positive cell lines MCF7, U266\ A498, and MUCl-oegative IM9 cells were used 
as controls. 
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MUCl IS EXPRESSED IN HEMATOLOGICAL MALIGNANCIES 



Fig. 3. IndutfiOn of MUCl -specific CTL resportic* 
by pcptidc-pul^cd mature DCs. Adherent PBMNC 
wltc grown fo: 7 days in RP JO medium supplemented 
with CM-CSF. IL-4, and TNF-a. DCs pulsed wilh Ebe 
synthetic peptides derived from the MUC1 protein 
(Ml. I and Ml -2) were used to induce 8 CTL response 
in vitro. CyuActk activiry of Induced CTL (CTL. M 1.1 
and CTL .M 1.1) was determined in a standard Si Cr* 
labeled relew assay usirt£ the multiple myeloma cell 
lines U266 (MUCI+. HLA-A2+) and IM9 (MUC1-. 
HLA-A2+L aid the EBV-immorialized B-ccll line 
Croft (MVC 1 - . HLA-A2+) as targets. Craft cells were 
pulsed for 2 b with SO pg of the Ml.l (9) or M1.2 
peptide (A). 
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Ta* tie 2 Lysis of human tumor cell Una by MUQ I •specific CTL 

CTLM1.1 CTL.M1.2 
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- The cytotoxic activity of CTL.MI.I and CTL.Ml ,2 against human tumor cell lines 
was analyzed i i a standard '^Cr-labclcd release assay. The HLA-A2 and MUCl expres- 
sion was analyzed using specific monoclonal antibodies. Data ore presented from one 
representative -txperimenL 



cytes) cells Analysis of bone marrow mononuclear cells revealed 
MUC1 mRNA expression, as expected, according to our previous 
observation where we could show mat a small traction of bone 
marrow mononuclear cells representing the erythroid progenitor cell 
compartment (erythroblasts and normoblasts) express the MUCl pro- 
tein (see Rt f. 14). In addition, we observed that some CD34 ,ow cells 
express MUC1 on the cell surface, whereas the more primitive 
CD34 Waht C'D90" r progenitor/stem cell population was MUC1 -nega- 
tive (sec Rftf. 14). Similarly, as shown in Fig, 2C f we detected only a 
weak MUC 1 mRNA signal in purified CD34+ cells by RT-PCR. 
Tbese resul ts suggest that the aberrant MUC1 expression on AML 
blasts is presumably a result of oncogenic transformation. 

Induction of MUCl-specific CTLs Using Peptide-pulsed DCs. 
To analyze^the expression of MUC 1 -derived T-cell epitopes by pri- 
mary AML cells, we induced MUC 1 -specific CTLs in vitro using 
peptide-pulued DCs as antigen-presenting cells, as described previ- 
ously (4). )3Cs derived from adherent PBMNCs of healthy donors 
were generated in RP10 medium supplemented with GM-CSF, IL-4, 
and TNF-a 

The two ^recently described MUC 1 -derived peptides Ml.l (amino 
acids 950- J58) and Ml .2 (amino acids 12-20) were used for CTL 
induction u vitro (4). As shown in Fig. 3, CTL lines CTL.M1.1 and 
CTL.Ml .2 obtained after 2 weekly rcstimulan'ons demonstrated pep- 
tide-specitV. killing. T-cells only recognized Croft cells coated with 



the cognate MUC1 peptide, whereas they did not lyse cells pulsed 
with an irrelevant peptide. 

We further investigated the ability of CTL.M1.1 and CTL.M1.2 to 
lyse endogenously MUC 1 -expressing tumor cells. The MUC 1 -posi- 
tive, HLA-A2-expre*sing cell lines U266 (multiple myeloma) and 
A498 (renal cell carcinoma) were used as target cells in a standard 
5l Cr-labeled release assay. As demonstrated in Fig. 3 and Table 2, 
both CTL lines were able to efficiently lyse U266 and A498 cells 
(both HLA-A2+/MUC1 +). There was no lysis of the ovarian cancer 
cells SK-OV-3 (MUC1 +/HLA-A3+), IM9 cells (multiple myeloma; 
HLA-A2+, MUCI-), or Croft cells (HLA-A2+, MUC1-). These 
results demonstrate that the presentation of MUCl epitopes in context 
of HLA-A2 molecules on the target cells is necessary for the efficient 
lysis of target cells and confirm the antigen specificity and MHC 
restriction of the CTL. Furthermore, these data show that the MUCl 
peptides can be presented in an HLA-restricted manner by multiple 
myeloma cells on the cell surface 

Lysis of Primary AML Blasts by MUCl -specific CTLs. Flow 
cytometric analysis of different rumor cell types revealed MUCl 
expression on several malignant hematopoetic cells including blasts 
obtained from patients with AML (Fig. 1; Table 1). Therefore, we 
analyzed the presentation of MUCl -derived peptides by these primary 
AML blasts and used them as targets in a standard 51 Cr-labelcd 
release assay. As shown in Fig. 4, CTL.Ml, 1 and CTL.Ml. 2 did lyse 
primary MUCl -expressing AML blasts obtained from HLA-A2* 
positive patients, suggesting that MUCl peptides are presented by 
these Tcukcmias. In contrast, there was no lysis of control cell lines. 

The antigen specificity and MHC restriction mediated by the in 
vitro induced CTL lines was further confirmed in a cold target 
inhibition assay (Fig. 5). The lysis of the AML cells (AMLSch) could 
be blocked by addition of Croft cells pulsed with the cognate peptide, 
whereas eells pulsed with an irrelevant peptide showed no effect 

DISCUSSION 

Recently, several attempts have been made to define possible 
leukemia-specific CTL epitopes. Fusion proteins such as BCR-ABL 
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Fig. 4. Lys: < of AML blasts endogenously express- 
ing MUCl by 7TL.MI.I and CTL.M 1.2. Human renal 
carcinoma celULine A49S (HLA-A2+/MUC1 +\ ovar- 
ian cancer eel- line SK-OV-3 (HLA-A2-/MUC1 -r X 
and primary k UCl •expressing allogeneic AML blasts 
from four dit'erent rfLA-Al.poririve patients were 
u*ed ay targets: in a standard "Qvlabeled release assay. 
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CTL.M1.1 



CTL.M1.2 



Fifi. 5. Anli|en->:pecific lysis of human AML blasts by 
MUCl-fcactive CTL.MI.1 and CTV.MI.2. Cold Urgrt 
inhibition assa;\ Human AMU blasts (AMLSch, HLA- 
A2 + . and MU2J+) were uaed as targets in a standard 
s, Cr-labcied rerease a«py. The antigen specificity of [be 
CTL lines was tested in the presence of unlabeled cold 
targets, t,*„ Coffc cells, coaled with (he cognate or on 
irrelevant peptiMe at an inhibitortiarget ratio of 20:1. 
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in chronic nsyelogcnous leukemia, ETV6-AML1 in prc-B acute lym- 
phoblastic leukemia, PML-RARa in acute promyclocyric leukemia, 
and DEK-C.AN in AML resulting from chromosomal translocations 
arc potentiQ- targets because they are expressed only in malignant 
cells (18). Furthermore* they represent novel antigens and, in contrast 
to self-proteins, arc not associated with the phenomenon of tolerance. 

An alternative strategy to identify tumor- or leukemia-specific 
T-cell epitopes is the use of synthetic antigenic peptides derived from 
proteins thai' are preferentially expressed or overexpressed in malig- 
nant cells lik; MAGE, HER-2/neu, p53, or MUCl . However, thus far, 
only peptide; from proteinase 3 and WT1 proteins have been dem- 
onstrated to elicit antigen-specific lysis of leukemic cells by cytotoxic 
T cells (19, 10). 

Wc now remonstrate that the epithelial mucin, MUCl, is a novel 
tumor antigea in AML that is recognized by MUCl peptide-specific 
CTLs. Recet rJy, we identified two HLA-A2-binding peptides, Ml.l 
and Ml. 2, derived from the MUCl protein. These peptide epitopes 
were expressed on various epithelial malignancies and were recog- 
nised by MUCl -specific CTLs (4). To extend the possible use of these 
peptides in vaccination therapies, we analyzed the expression of the 
MUCl tumo- antigen on various hematopoietic malignancies includ- 
ing AML, multiple myeloma, follicular lymphoma, hairy cell leuke- 
mia, and C,L using MUCl -specific monoclonal antibodies. We 
found that MUCl is expressed in 92% of samples from patients with 
multiple myeloma and about 67% of blast samples obtained from 
patients wtthi AML, especially on AML FAB M4 and MS subtypes. In 
addition, ML CI protein expression was also observed on blasts from 
chronic myelogenous leukemia patients with myeloid blast crisis. 
Finally, MU'Cl expression waa detected on some follicular lympho- 
mas, CLLs. ;nd hairy cell leukemia samples (see Table 1). 

To analyze whether MUCl-derived T-cell epitopes are presented 
by AML celis endogeoously expressing MUCl, wc induced MUCl 
peptide-speci fie CTLs in vitro and used these CTLs to determine the 
presentation *f MUCl peptides on primary AML blasts. DCs gener- 
ated from mrmal HLA-A2+ peripheral blood monocytes in the 
presence of CiM-CSF, IL-4, and TNF~a were pulsed with the MUCl 
peptides Ml . 1 and Ml .2 and used as antigen-presenting cells for CTL 
priming. The* MUCl peptide-specific CTL lines CTL Ml.l and CTL 
Ml. 2 were sole to recognize not only target cells pulsed with the 
antigenic peptide but also primary leukemic blasts and tumor cells 
endogenoush expressing the MUCl protein in an HLA-A2-restricted 
manner, including the multiple myeloma cell line U266. These results 
arc complementary to reports published previously (11, 12) demon- 
strating thai ^multiple myeloma cells can be lyscd by MHC unre- 
stricted MUei-specific CTLs. In our study, both Ml.l- and MI.2- 
specific CTLi efficiently lyscd primary allogeneic AML blasts from 
HLA-A2-pos tive patients. The antigen specificity of this cytotoxic 
effect was confirmed in a cold target inhibition assay. 

Although rot experimentally demonstrated here, it is likely that the 
MUCl-dcriwd T-eeil epitopes Ml.l and Ml.2 might also be ex- 
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pressed by some B-CLL cells, hairy cells, and follicular lymphoma 
cells. Interestingly, MUCl has been shown recently (21) to be rear- 
ranged and amplified in B-ccll lymphomas by the t(l;14) transloca- 
tion. The authors have shown that up to 16% of B-cell lymphomas 
show a molecular perturbation of the MUCl region that can poten- 
tially lead to its deregulated overexpression. According to our results, 
the aberrant expression of MUCl on AML blasts could also represent 
an oncogenic transformation, particularly because we could not ob- 
serve MUCl expression on the normal CD14+, CD 15+, and the 
CD 34bright ceU papdations (14). 

There is now growing evidence that in vivo application of DC- 
presenting tumor-associated antigens or adoptive transfer of tumor- 
reactive CTLs generated ex vivo can induce antitumor immunity in 
patients with malignant diseases (13, 22-26). In a Phase I study using 
DCs pulsed with HLA-A2-binding peptides derived from Her-2/ncu 
or MUCl tumor antigens, we were recently able to induce peptide- 
specific CTLs in patients with metastatic breast and ovarian cancers in 
vivo without any side effects or autoimmune reactions, especially no 
induction of anemia, demonstrating that MUCl peptides can be safely 
and efficiently applied in clinical studies (13). In addition, although 
MUCl is expressed on normal cells in the gastrointestinal tract and 
several other tissues including breast and kidney, we did not observe 
any side effects during DC vaccinations. This might be related to the 
lower affinity of the induced MUCl-specific T cells (4) or because of 
the higher presentation of MUCl-dcrivcd peptides by tumor cells. 

In conclusion, our results extend the list of malignancies including 
AML and multiple myeloma that present MUCl-dcrived T cell 
epitopes, which increases the possible clinical application of MUCl - 
derived peptides in vaccination studies. 
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